We investigated the effect of L-NAME, a nitric oxide (NO) inhibitor and sodium nitroprusside (SNP), an NO-donating agent, on pilocarpine-induced alterations in salivary flow, mean arterial blood pressure (MAP) and heart rate (HR) in rats. Male Holtzman rats (250-300 g) were implanted with a stainless steel cannula directly into the median preoptic nucleus (MnPO). Pilocarpine (10, 20, 40, 80, 160 µg) injected into the MnPO induced an increase in salivary secretion (P<0.01). Pilocarpine (1, 2, 4, 8, 16 mg/kg) ip also increased salivary secretion (P<0.01). Injection of L-NAME (40 µg) into the MnPO prior to pilocarpine (10, 20, 40, 80, 160 µg) injected into the MnPO or ip (1, 2, 4, 8, 16 mg/kg) increased salivary secretion (P<0.01). SNP (30 µg) injected into the MnPO or ip prior to pilocarpine attenuated salivary secretion (P<0.01). Pilocarpine (40 µg) injection into the MnPO increased MAP and decreased HR (P<0.01). Pilocarpine (4 mg/kg body weight) ip produced a decrease in MAP and an increase in HR (P<0.01). Injection of L-NAME (40 µg) into the MnPO prior to pilocarpine potentiated the increase in MAP and reduced HR (P<0.01). SNP (30 µg) injected into the MnPO prior to pilocarpine attenuated (100%) the effect of pilocarpine on MAP, with no effect on HR. Administration of L-NAME (40 µg) into the MnPO potentiated the effect of pilocarpine injected ip. SNP (30 µg) injected into the MnPO attenuated the effect of ip pilocarpine on MAP and HR. The present study suggests that in the rat MnPO 1) NO is important for the effects of pilocarpine on salivary flow, and 2) pilocarpine interferes with blood pressure and HR (side effects of pilocarpine), that is attenuated by NO.
Introduction
The overall quality of life is affected by the symptoms of a permanently dry mouth, the inability to enjoy foods, and the trouble and expense of frequent dental treatment. Most systemic treatments have not been tested adequately or have not proved to be effective. Some procedures should be followed to relieve these symptoms, to control oral disease and to improve salivary function. With a systematic approach and aggressive control, most patients with a dry mouth can achieve oral comfort and adequate oral function (1) .
Pilocarpine, a muscarinic cholinergic agonist, induces vasodilatation and copious salivation when administered systemically by activating the parasympathetic system (2-4). Pilocarpine stimulates labial salivary gland flow in patients with Sjögren's syndrome (5) . The damage produced by irradiation in the salivary glands is reduced by prior administration of pilocarpine (6) . Pilocarpine has a sympathomimetic (probably ß-receptor mediated) stimulatory effect, which is also implicated in cardiovascular regulation and salivary secretion. The involvement of hypothalamic areas in the control of salivary secretion in rats has been shown by several studies (7) (8) (9) (10) . The anteroventral third ventricle (AV3V) region is important for the effect of pilocarpine on salivary secretion in rats (11) . Morphological, morphometric and stereological changes of submandibular glands were observed after lesion of the AV3V and ventromedial nucleus of hypothalamus (12) .
Nitric oxide (NO) plays an excitatory role in the regulation of parasympathetic nerves inducing salivary secretion in the submandibular gland of rats (13) . L-N G -nitroarginine methyl ester (L-NAME), an NO synthase inhibitor, and L-arginine increase the salivation induced by pilocarpine (14, 15) . Pilocarpine has been used extensively as the best sialogogue rather than other cholinomimetic agents but produces cardiovascular alterations as side effects. NO plays an important role in the hydromineral and cardiovascular regulation induced by angiotensin (16, 17) . Different data indicate that the median preoptic nucleus (MnPO) is indeed the target of afferents from osmosensitive and barosensitive systems involved in fluid homeostasis and cardiovascular regulation (18) (19) (20) .
The aim of the present study was to determine whether NO present in the central nervous system (CNS) interferes with the sialogogue and cardiovascular changes induced by pilocarpine injected into the MnPO or intraperitoneally (ip).
Material and Methods

Animals
Male Holtzman rats (250-300 g) were housed in individual metabolic cages, with free access to food pellets and tap water.
Brain surgery
The rats were anesthetized with 2,2,2-tribromoethanol (20 mg/100 kg body weight) ip and restrained in a stereotaxic apparatus (David Kopf model for rats). A longitudinal incision was made in the skin of the animals' head, the subcutaneous tissue was pulled back, the skull was perforated with a spherical drill, and a stainless steel cannula (14 × 0.7 mm, OD) was introduced into the MnPO. The skull was positioned with the bregma and lambda at the same level. The coordinates for approaching the MnPO were obtained from the Paxinos and Watson atlas (21) (coordinates: AP = -0.30 to 0.40 mm to the bregma; V = 4.3 mm from the dura mater; L = 0.0 mm from the sagittal midline). The cannula was fixed to the skull with screws and acrylic resin. A prophylactic dose of 60,000 IU penicillin (Pentabiotic Fountoura Wyeth, São Paulo, SP, Brazil) was injected intramuscularly after brain surgery.
Intracerebral injection
Pilocarpine, L-NAME, sodium nitroprusside (SNP), and 0.15 M NaCl (as control) were injected into the MnPO with a Hamilton microsyringe (5 µl) connected by a PE-10 polyethylene tubing (25 cm) to a needle (0.3 mm, OD) which was introduced into the brain through the cannula previously fixed to the animals' head. The volume of injection was always 1 µl injected over a period of 30 to 60 s.
Salivary secretion
Salivary flow was stimulated with pilocarpine (10, 20, 40 , 80 and 160 µg) in a volume of 1.0 µl injected into the MnPO and with pilocarpine injected ip (1, 2, 4, 8 and 16 mg/kg). The animals were anesthetized with urethane, 1.25 g/kg body weight, injected ip. Saliva was collected with preweighed small cotton wool balls inserted into the animals' mouth, according to the technique used by Schallert et al. (8) which permitted us to collect the saliva. Saliva was collected with four cotton balls weighing approximately 20 mg each, two of which were placed on either side of the oral cavity, with the other two placed under the tongue. The amount of saliva secreted was measured 5 min before the injection of pilocarpine (baseline saliva secretion) and 5 min after the injection of pilocarpine into the MnPO or ip (stimulated salivary secretion). L-NAME and SNP were injected into the MnPO 5 min before pilocarpine injection into the MnPO or ip or were injected alone, without pilocarpine.
Mean arterial blood pressure and heart rate recordings
Mean arterial blood pressure (MAP) and heart rate (HR) were recorded after injection of pilocarpine into the MnPO or ip and after injection of L-NAME or SNP into the MnPO prior to injection of pilocarpine into the MnPO or ip. Polyethylene tubing (PE-10) connected to PE-50 tubing was inserted into the abdominal aorta through the femoral artery under 2,2,2-tribromoethanol anesthesia (20 mg/100 kg body weight) on the day before the recordings. The polyethylene tube was connected to a Statham (P23 Db) pressure transducer (Statham-Gould, Valley View, OH, USA), coupled to a multichannel recorder (DATAq Instruments, Inc., Akron, OH, USA) and connected to a computer system. HR was obtained from arterial pressure pulses using a biotachometer. The values are reported as MAP increase or decrease and changes in HR, as absolute values.
Histology
At the end of each experiment, the animal was anesthetized with ether and injected with 1 µl fast green dye via an intracranial cannula, followed by perfusion with saline and buffered formalin. The brains were removed, fixed in 10% formalin, frozen at -20ºC and sections of 20 to 30 µm were prepared. The presence or absence of dye in the regions near the MnPO was determined visually. Only the data from animals in which the presence of the dye was restricted to the MnPO were used. Figure 1 illustrates the histology at the site of injection into the MnPO.
The MnPO injection sites for the salivary flow, MAP and HR responses terminated in the dorsal portion of the MnPO and in portions of the anterior commissure. Data from animals whose injection sites were anterior or anterior and dorsal to the MnPO in the medial septal area were excluded from analysis. It has been demonstrated that the neuronal elements mediating pressor activity are confined to a small region along the midline centered near the anterior commissure (22) . The animals whose injection sites were outside the MnPO did not show any changes in the salivary or cardiovascular parameters.
Statistical analysis
Data are reported as means ± SEM. ANOVA and the Dunnett t-test were used to determine statistical significance. Comparisons were considered to be statistically significant when P<0.05.
Experimental procedures
The study of salivary flow and of MAP and HR measurement was initiated 5 days after brain surgery. Each animal was submitted to 3 or 4 experimental sessions at 3-day intervals. The parameters for MnPO were obtained from different experimental sessions and from several groups of animals after the injection of the following drugs into the MnPO or ip in satiated animals: i) saline, 0.15 M NaCl injected into the MnPO (control); ii) pilocarpine, 10, 20, 40, 80 and 160 µg injected into the MnPO; iii) pilocarpine, 1, 2, 4, 8 and 16 mg/kg body weight injected ip; iv) L-NAME, 40 µg injected into the MnPO alone or before pilocarpine into the MnPO or ip; v) SNP, 30 µg injected into the MnPO alone or before pilocarpine into the MnPO or ip.
Salivary secretion, MAP and HR were measured in all experiments.
Results
Effect of L-NAME and SNP on salivary secretion induced by injection of pilocarpine into the MnPO
Salivary secretion after injection of isotonic saline (0.15 M NaCl) into the MnPO was 19.6 ± 1.6 mg/5 min. The injection of pilocarpine (10, 20, 40 , 80, 160 µg) into the MnPO increased salivary secretion to 41 ± 3, 92 ± 4, 282 ± 5, 381 ± 4 and 474 ± 18 mg/ 5 min, respectively. ANOVA showed that there were significant differences among all concentrations (F(4,32) = 57.14, P<0.01).
The basal values of salivary flow after injection of L-NAME (40 µg) after 5 periods of observations were 126 ± 4, 139 ± 6, 141 ± 7, 139 ± 6 and 142 ± 7 mg/5 min. L-NAME (40 µg/µl) injected into the MnPO before pilocarpine potentiated the sialogogue effect of pilocarpine with values of 54 ± 5, 199 ± 7, 382 ± 6, 412 ± 23 and 501 ± 52 mg/5 min (F(4,32) = 29.13, P<0.01). The basal values of salivary secretion after SNP (30 µg) injection into the MnPO after 5 periods of observations were 12 ± 1, 14 ± 2, 18 ± 6, 13 ± 4 and 20 ± 7 mg/5 min. SNP (30 µg/µl) injected into the MnPO before pilocarpine attenuated the sialogogue effect of pilocarpine with values of Figure 2 . Effect of L-NAME and SNP injected into the median preoptic nucleus (MnPO) on salivary flow induced by injection of pilocarpine into the MnPO. Data are reported as means ± SEM. *P<0.001 compared to SAL + SAL; # P<0.001 compared to L-NAME + pilocarpine; + P<0.001 compared to pilocarpine (Dunnet t-test; N = 40 for each group). SAL, saline; PIL, pilocarpine; L-NAME, L-N G -nitro-arginine methyl ester; SNP, sodium nitroprusside. 14 ± 1, 23 ± 2, 58 ± 3, 143 ± 9 and 163 ± 8 mg/ 5 min. ANOVA showed significant differences among the effects of various concentrations (F (4,32) = 74.48, P<0.01) (Figure 2 ).
Effect of L-NAME and SNP on salivary secretion induced by ip injection of pilocarpine
The ip administration of pilocarpine (1, 2, 4, 8, and 16 mg/kg body weight) increased salivary secretion (268 ± 24, 300 ± 20, 392 ± 24, 483 ± 22 and 578 ± 33 mg/5 min, respectively; F(4,30) = 12.34, P<0.01). After L-NAME injection (40 µg) into the MnPO, the salivary secretion induced by various concentrations of pilocarpine injected ip was potentiated, with values of 413 ± 20, 473 ± 27, 541 ± 37, 582 ± 49 and 694 ± 28 mg/5 min, respectively (F(4,32) = 12.22, P<0.01). SNP (30 µg/µl) injected into the MnPO before various concentrations of pilocarpine injected ip attenuated the pilocarpine effect on salivary secretion to values of 132 ± 18, 197 ± 23, 237 ± 14, 255 ± 25 and 272 ± 22 mg/5 min, respectively (F(4,32) = 1.99, P<0.01) (Figure 3 ).
Effect of L-NAME and SNP on changes of MAP and HR induced by injection of pilocarpine into the MnPO
Pilocarpine injection into the MnPO induced an increase in MAP of ∆29 ± 6 mmHg and a decrease in HR to 320 ± 4 bpm, that differed significantly (P<0.05) from control values (∆+4 ± 1 mmHg and 365 ± 7 bpm). After administration of L-NAME the basal values were ∆-15 ± 3 mmHg and 305 ± 5 bpm. L-NAME (40 µg) injected into the MnPO before pilocarpine (40 µg in a volume of 1.0 µl) injected into the same region potentiated the pressor effect of pilocarpine (∆+39 ± 7 mmHg with a decrease in HR to 301 ± 8 bpm, P<0.05). The basal values after SNP (30 µg) at a volume of 1.0 µl were ∆+9 ± 2 mmHg and 370 ± 8 bpm. SNP injected 
Effect of L-NAME and SNP injected into the MnPO on changes in MAP and HR induced by injection of pilocarpine
Pilocarpine injected ip induced a decrease in MAP but an increase in HR, with values of ∆-21 ± 3 mmHg and 421 ± 7 bpm. L-NAME injected into the MnPO before pilocarpine injected ip reversed the effect of pilocarpine, with values of ∆+21 ± 3 mmHg and 311 ± 6 bpm (P<0.05). SNP injected into the MnPO before pilocarpine injected ip blocked the effect of pilocarpine, with values of ∆+5 ± 1 mmHg and 349 ± 8 bpm (Figures 6 and 7) .
Discussion
The present results show that the injection of pilocarpine into the MnPO and ip affects salivary flow in a concentration-dependent manner. Pilocarpine at a concentration of 40 µg produced a medium salivary flow, whereas the flow rate increased in a linear fashion up to 160 µg. It has been demonstrated that pilocarpine, when injected intracerebroventricularly (icv), produced salivary secretion at a significantly higher level than control (11, 16) . It has also been reported that electrolytic lesion of the AV3V produced a decrease in salivary flow induced by pilocarpine injected icv (11) . These results indicate that other areas of the CNS, such as the areas surrounding the third ventricle, are important for pilocarpine-induced salivary secretion. The areas surrounding the third ventricle are important for the regulation of the water-salt and cardiovascular balance as well as for the control of salivary composition and salivary flow. This is in agreement with results showing that the MnPO is important for the central regulation of salivary gland function (23) .
Difficulty in swallowing (dysphagia) is a common upper gastrointestinal disorder caused by salivary malfunction (24) . The present results show the participation of the CNS in attenuating these disorders, demonstrating that a controlled-release form of pilocarpine may overcome the therapeutic weaknesses of current pilocarpine preparations by prolonging salivary secretion and reducing undesirable side effects. Pilocarpine injected ip or into the MnPO produced changes in salivary flow and in cardiovascular parameters, such as an increase in MAP and a decrease in HR. When injected ip it caused a decrease in MAP and an increase in HR. These results are important, since several drugs used by patients with cardiovascular diseases may alter salivary secretion and interfere with the effects of pilocarpine when it is used as a drug. When injected centrally, pilocarpine produced alterations in salivary secretion, MAP and HR. An oral dose of pilocarpine increased salivary flow rates in patients with xerostomia (dry mouth). Pilocarpine induced submandibular and parotid salivary flow, which remained constant over a period of time (25) .
The recognition of the role of NO in cellto-cell communication has changed the concept of traditional neurotransmission. Nmethyl-D-aspartate receptors mediate the dipsogenic response of c-Fos expression induced by icv infusion of angiotensin II (26) . The presence of NO in many structures of the CNS has been described (27) (28) (29) (30) (31) . It has been demonstrated that L-NAME increases the salivary flow induced by pilocarpine (14) . L-NAME, when injected into the MnPO alone or before pilocarpine injected into the same region, potentiated the salivary flow induced by pilocarpine. NO contributed to the control of vascular tone in the salivary glands of rats. Also, L-NAME, when injected into the MnPO alone or before pilocarpine, potentiated the hypertensive effect of pilocarpine, decreasing HR. Pilocarpine may also act in areas of the CNS that are free from the blood-brain barrier, stimulating the areas that are involved in the control of systemic arterial blood pressure, like the MnPO and the periaqueductal gray region. The injection of NO-donating compounds into the dorsal re-gion of the periaqueductal gray also decreased MAP, whereas L-NAME increased it (20) . SNP injected into the MnPO before pilocarpine reduced the sialogogue effect of pilocarpine, with a decrease in MAP and an increase in HR. We infer that pilocarpine may also act in areas of the CNS such as the MnPO that regulates salivary flow and cardiovascular alterations. A regulatory mechanism may also exist between salivary flow and the cardiovascular parameters. Pilocarpine injected ip produced a copious salivary flow that was potentiated by the previous central injection of L-NAME into the MnPO. Therefore we postulate that the systemic effects of pilocarpine on salivary flow and cardiovascular regulation are influenced by central NO release, in agreement with the results reported by others (16, 17) . Pilocarpine injected ip decreased the MAP and increased the HR, with an opposite effect when injected into the MnPO, where it acted by increasing salivary flow and blood pressure, with a decrease in HR. The release of NO in the CNS continuously reduces the salivary secretion, playing an important role in the central and peripheral effects of pilocarpine. The cardiovascular changes produced by pilocarpine were mediated by the release or inhibition of NO. These results, taken together with those reported by others (22, 23, 32) , suggest that the MnPO is involved in body fluid regulation not only by controlling vasopressin secretion and water intake but also by modulating central sympathetic outflow which regulates body fluid balance through an effect on the kidney and on salivary gland function (23, 32) .
